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Abstract: Objective To prepare hyperoside self-assembled phosphatidylcholine chitosan nanoparticles (Hyp-PC/CS-NPs), and
relative oral bioavailability were studied. Methods The main influencing factors of Hyp-PC/CS-NPs were investigated by single
factor experiments, Box-Behnken design-response surface method was employed to optimize prescriptions of Hyp-PC/CS-NPs.
Transmission electron microscope (TEM) was employed to observe microscopic appearance of Hyp-PC/CS-NPs, lyophilized powder

of Hyp-PC/CS-NPs was prepared and its saturated solubility was determined, Fourier transform infrared spectroscopy (FTIR) was used
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to investigate the binding mechanism of Hyp-PC/CS-NPs lyophilized powder and each component, and crystal form of hyperoside was
analyzed by X-ray powder diffraction (XRPD). Drug release behavior in vitro of Hyp-PC/CS-NPs lyophilized powder and hyperoside
was determined, the sedimentation rate of Hyp-PC/CS-NPs lyophilized powder was determined and its storage stability was also
investigated. SD rats were administered intragastrically with hyperoside and Hyp-PC/CS-NPs lyophilized powder, its oral
pharmacokinetic behavior was studied, and relative oral bioavailability of Hyp-PC/CS-NPs was calculated. Results Optimal
formulations of Hyp-PC/CS-NPs: hyperoside concentration was 0.37 mg/mL, phosphatidylcholine to chitosan ratio was 16.3:1,
phosphatidylcholine to hyperoside ratio was 7.9:1. Envelopment efficiency, drug loading, particle size and { potential were (84.19 +
1.23)%, (8.81 £ 0.16)%, (166.18 + 4.03) nm and (32.39 + 0.95) mV, respectively. Appearance of Hyp-PC/CS-NPs was spherical,
hyperoside may have complexed with the carrier by hydrogen bond. The state of hyperoside changed into an amorphous form in Hyp-
PC/CS-NPs freeze-dried powder. Solubility of hyperoside in simulated gastric juice, distilled water and simulated intestinal juice was
increased by 7.22, 4.04 and 5.10 times, respectively. Pharmacokinetic results showed that the pharmacokinetic parameters of Hyp-
PC/CS-NPs were significantly increased compared with hyperoside or physical mixture (P < 0.01), and the relative bioavailability of
hyperoside in Hyp-PC/CS-NPs was increased to 4.11 times. Conclusion Hyp-PC/CS-NPs and its lyophilized powder were
successfully prepared, pharmacokinetic behavior of hyperoside in vivo was greatly changed, and bioavailability of hyperoside was
significantly increased by Hyp-PC/CS-NPs, which established the experimental foundation for the follow-up pharmacodynamic
evaluation.
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design-response surface method
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P R
1 _5H
1.1 {428
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TR, HARE T RS APD-2000 B
X B ARATHAL, A6 R 2 RHH R A 7] FT/IR-6000
TUAd B AR 2T AR 618, H R Jasco A H]; AT612
BB A, B sCERRH AR AR Zetasizer
Nono ZS-90 BURLFEMEAX, ¥EHE /R AF; FD-
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HHRAFA.

1.2 X%

X8 4 22 Bk (45 nk1-00045230812, Jfi &
7341 99.0%) KEH (it nkl-000156658, Jii &
SH099.1%), RENFTHEAE IR A IR AR 442
BREFERIZS, 165 20210701, &% 97.5%, B
WRENEARHARAF; BEIRBIE, 5
20201211, JRETH 98.0%, _bifEd o e 25k
HIRAT]; 5RHRE, fiLS 20210523, HEL)RHEH 5%
FHRAF,; Jeikaimesy, #its 20240111, i
TG LIRHE R AR AT RP T 4R
(CMC-Na), #t5 20220513, EZEFNARFG
MRA T, BB (IS 20231022). B Git
520231015), FRACIBRERIF AR AH .

1.3 )

THER SD KR EHI R A S sLie b ty, F
A[ESR S : SCXK-2020-0001, Mk, S2U6 =1
FREMFEN (220£20) g. ATA shPIsLi 5B
P T R FH B A 2 A 0% S 50 3 ) A HE A A
PR, LI shPeEEHEIE 5 v 20240326, ¥IFFH
3R JEN
2 FAEEHR
2.1 Hyp-PC/CS-NPs K&

B4 22 B IR 24 20 mg, VAT 5 mL 1K
i, IMNAETT EBEHEIERRGR, ARSI A VA
A7 S FE MRS T — % pH A MBS R /KA
th, BI48KAH, BT 55 C/KBH, T 600 r/min #4
NI . WA 4 e R O I TR R AR P
WA I Z KA, Fraltii i+t 1h, BT 55 C
KRR EZE 0.5 h, K 0.45 pum fFLIER)E
it, S8 AN Hyp-PC/CS-NPs IR &l N & 4&4
B PRI BH A i [F)3 ) % o
2.2 Hyp-PC/CS-NPs R& 4t EESNE
221 %% A Diamonsil Cis £ (200
mmX4.6 mm, 5 pm); FBIFHN 0.5% FF B K-
CHiE (70 23005 FdEK R 360 nm; AR EN

1.0 mL/min; #Eif4 30 C; HEFEAFN 10ul; 2
WES AR B DL 4 22 Bk I LA T 5000,

222 LMHKRRFEL KEEIRIE2P0E T,

K H RS HC ) i =R N 0.2 mg/mL, {E %t i
MR RSB I 2 R IR S T, AN &
R R IC AT AR 10,004 5.004 1.004 0.10+ 0.05 ug/mL
RYNG Lo IR, 1% “2.2.17 U A%
PEHEATINE , IR & EIRE (X S22 Bk R
MY, #ATELMERNIES RS Y=33.85 X+
1.09, r=0.9994, 4R FEW &2 kHE7E 0.05~10.00
ng/mL 26t R R LT

2.2.3 Hyp-PC/CS-NPs i i VR 1) £ FEE R
H{ Hyp-PC/CS-NPs V&£ 1 mL % 50 mL &Jfi+,

Jn 30 mL /K ZEE, 5 min (B3 250 W, 4
2 40 kHz), JG4, K CIEMRBEES: RER
2 mL % 10 mL #H, mshiameEes, [
53 Hyp-PC/CS-NPs iR 5 5

224 LREMHE O “2.17 TUNHMERES, %
“2.2.37 TR 5 iE & B RS S . 5 EL Hyp-
PC/CS-NPs 5k /i ¥ ¥ 1 4 22 Bk 1 X B 7 W)
(1.00 pg/mL), #% “2.2.17 TN i A 3-47 K00,
SER LA 1. 45 BRI & 2 B i T 24 i T3,
LR ELT

Eoi27 51
|
A |
B
C
0 5 10 15 20 25
t/min

Bl 1 Hyp-PC/CS-NPs #& (A). S4HHXRA (B) M
FAtEREm (C) B HPLC [
Fig. 1 HPLC of Hyp-PC/CS-NPs sample (A), hyperoside

reference substance (B) and negative sample (C)
2.2.5 FEEEHEEZ HL0.05. 1.004 10.00 pg/mL 4
o RO IR SR, FE “2.2.17 TT itk sk Sk
ME 6 K, ke 22T, 4558 H RSD 4371
1 0.84%- 0.36%- 0.30%, FIHIZAENGZE Rt
22,6 faEtE#%E  HL Hyp-PC/CS-NPs Hti i
W, BT HPLC MiR¥sdtFest GRE 25°C) H, 7
BIFHIE)E 0. 3. 64 9. 12, 24h, % “22.17 I
NG, Tl 2 AR, SR
H RSD N 1.17%, #H Hyp-PC/CS-NPs At i
TAE 24 h NAREME R T
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227 HEEMFEL HUFE-—4 Hyp-PC/CS-NPs &
B, % “2.2.37 TR 7k 4 Hyp-PC/CS-NPs it
BT 6 13, 4% “2.2.17 TN (il SRR,
LSRG 2 MR AR, THEH R4 RSD
1.56%, 45 B H11% S 8 5 1 R IT .
228 NFEEIEFEL kG %R EL 0.5 mL
Hyp-PC/CS-NPs JR&HZ 9 4> S0mL &I+, 47k
X Ay ®m 34, SRR ERES 0.2 mg/mL
()4 22 BB A5 0.25 mL (fX) 0.50mL (H) Al
0.75mL (&), k844 “2.2.3” T K J5EH]4% Hyp-
PC/CS-NPs i iy, HE &2t s, i
HAF G 22 o B3 INFE W 208 101.32%, RSD
H1.79%, FB1ZJ71E 0T T-0E Hyp-PC/CS-NPs
BRI SR
2.3 Hyp-PC/CS-NPs fifZ. (AL, BETMEZA
=NE

H& % % B Hyp-PC/CS-NPs J& 2 1 mL(£: 0.45
um FFLIEIEIED), B TEIEE BIUEX 77
N 10000) 1, 8500 r/min &0 (4 C, BLF
£ 6.8 cm) 5 min, EEIEE AR IRD A EZ KK,
IMNIEF] (K CEE-1% LK 12 1) 44
PR SE AR, ME W AN S 2R (M
wr)» T Hyp-PC/CS-NPs 14 22 B (L d K
H{ Hyp-PC/CS-NPs 1R & B 5T, FOERE (M
wrw), T Hyp-PC/CS-NPs H1 422 Bk 3 24 & .
HY Hyp-PC/CS-NPs B & 0.1 mL fIZ 5 mL 4t
K, RE), BUE SN E 9 KRR R £ 4 B R 5L
(polydispersity index, PDD). HHUGEEEFLEZE C
A7 e, l5E Hyp-PC/CS-NPs [ ¢ LAY,

I R=M wu/M nua

WhE=M an/M ypmn
2.4 HFEZEZE Hyp-PC/CS-NPs {75
2.4.1 AR EWRBEREE [ E BENE B S
FERME R LLAN 15 1, BEARBEARIN S & 2 b i =
Ebov 8 01, 7KAH pH {EN 3.0 24t N 52259 &
WRIEXT Hyp-PC/CS-NPs B3, #ZiE. 2 ¢
AL sE, R NER 1. B 2500 SR
I, Hyp-PC/CS-NPs (1) flds R fl 2 & e K e
NFETEGL, TTRESE 2 S RN KA AR AR
K, MM Hyp-PC/CS-NPs B K HE B 3 5 5 78 /KA
WEEHR, B0 7 299t S AR 00, 24 IR AL
KIS ARARAR AR DN, 2 1 688 AR Tt K AR B2
AR PR g & 04, M T Hyp-PC/CS-

F1 HYREBIREXT Hyp-PC/CS-NPs B %, HHARE.
RIZFN CERAAIENE (X+s,n=3)
Table 1 Effects of drug mass concentration on
encapsulation efficiency, drug loading, particle size and {
potential of Hyp-PC/CS-NPs (Xt s,n=3)

AR e ez
(mgmL™")
0.2 72.64+1.40 7.59+0.19 153.61+7.62 29.64+1.36
0.3 74.19+0.92 7.72+0.10 158.79+8.44 30.17+0.89
0.4 80.53+1.07 8.44+0.13 163.04+9.02 32.45+1.22
0.5 73.03+0.89 7.51+0.17 186.97+8.43 30.77+0.95
0.6 71.79+0.92 7.26+0.18 189.07+10.12 31.14+1.26

Fifziom ¢ EAL/mV

NPs #%. Hyp-PC/CS-NPs Fif2 i & 254 7 Bk fE
(P3G TS, AH 254 T B EEX C HLAST S M A 6
BN AR EE N 0.4 mg/mL i Hyp-PC/CS-
NPs GiZHMEBLEMNER, H ¢ BALKT 30
mV, ZEEFHEEIRIREOL, J5 R A EIKEE
0.3~0.5 mg/mL #ATHAL .

242 ERRMEIRGES SERER R LS [HE
YIFERIRE N 0.4 mg/mL, WENEHEIRG S 4 22 Bk tF
LN 8 1 1, JKAH pH {E N 3.0 214 T %W 5
P REAR 55 776 SR B o & L X Hyp-PC/CS-NPs fldf % |
AR PR C AT RS, SR INEK 2. A
RE e AR 5 5% S 0% o == LL 35 0, Hyp-PC/CS-NPs
AE R B RN INE T REES, A&
ol Hi Ik R B 5 5% 5 0 o = LU R T #2504, Hyp-PC/
CS-NPs Fife SR 2 T Fass, iX o BT 6 A5 e AE Al
BABmmFACRE ST, PTRRAGAR R St gk /04151,
T M e ELAR 5 77 SR 0 5 = LE KT 20 © 1, Hyp-PC/
CS-NPs ] ¢ ALK T 30 mV, XA[RESE T Hyp-
PC/CS-NPs [ 1F Hi ff 3= 22t 5o AR AL, 4505
B P /N, § 30 Hyp-PC/CS-NPs 2 [ 1F HL 17 55
Pk b000, ATAE I § A7 PRI AT L, TR TEH
F2 WASEAREME S FERPER =L XS Hyp-PC/CS-NPs 5%

., BAE. NEMCBEMMNEE (Xts,n=3)

Table 2 Effects of phosphatidylcholine to chitosan ratio on

encapsulation efficiency, drug loading, particle size and {
potential of Hyp-PC/CS-NPs (X +s,n=3)

BEARMEARRRS o o .
I HEER% HAEW  REhm  {EAmV

5:1 71.14+1.19 6.56+0.14 251.74+12.14 33.49+1.89

10:1 73.96+1.27 7.37+0.09 220.57+9.66 32.0411.66
1501 82.71£1.06 8.76+0.12 170.12+7.42 32.17+1.71
20:1 74.421+0.96 7.71+0.16 164.31+7.59 28.16+1.20
2501 70.55+1.10 7.51+0.13 165.84+6.76 25.48+0.93
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Bl 55 575 SR M R B L6 Hyp-PC/CS-NPs S2MEE K, 45
GHESRIEOL, IR FNEIL 100 1~
20 1 #EATAAL .

243 WEARBEAEEN S &2k R R LB 5 [
EZY TR EIREN 0.4 mg/mL, BEAREIHIR S 555
BERR LA 15 0 1, 7KAH pH BN 3.0 2641 %5 525
JIE TR AEL ARl 5 <6 22 Wk 7 o & LX) Hyp-PC/CS-NPs £,
B HAE KRN AL RIRm, SR K 3.
I8 & 2% s Tt DEL B 5 < 22 Bk B = LU 3G 0, Hyp-
PC/CS-NPs f3 ZIZ W I 5 Eafa, mr Wadk B2 3g n
Tl M IR NEL R B8] T3 Iz gl Kok ks 26, (Hik 2|
—ERRRE R AR B RPN, S AE
W25 N % . Hyp-PC/CS-NPs fif% 256 N %5
WS, AT RE A R IR B B ROR, S B
Hyp-PC/CS-NPs 25 &) SRS, fFH ARG R, B/l
PEAEBEH S AP, R REE SIS, 8
ZNARRAR G o AN [R5 T TR 5 40 22 Bk ot
= HORE ¢ FLA R e /N2, A L T TR R A 4 22
B & LE X Hyp-PC/CS-NPs B2k, L& % i&
FHEAE DL, JEEENIE R 6 1 1~10 0 1 4k4E
itk

3 WBEMERS &2 ERE X Hyp-PC/CS-NPs &

HE, BHE. NEMCBANZMm (Xts,n=3)

Table 3 Effects of phosphatidylcholine to hyperoside ratio

on encapsulation efficiency, drug loading, particle size and ¢
potential of Hyp-PC/CS-NPs (X £ s,n=3)

P Ly -
iy DM REARSG R Cbimy

4:1 70.19+1.14 13.01£0.29 266.14+14.64 30.53+1.87

6:1 7454+0.98 9.96+0.13 213.894+10.27 29.67+0.99
8:1 82.25+1.09 850+0.20 168.461£9.58 31.57+0.86
1001 82.10+£1.23 7.00£0.11 186.90+7.49 30.95+1.19
1201 82.63+0.91 6.41+0.17 211.43+7.98 28.85+1.30

244 JKAHpHIEMZESE [EE YR EIRE N 0.4
mg/mL, BENRMEARGRS 7 B E L 15 1 1, Bl
BEARGE 5 S22 Bk Lo 8 0 1 44 FH KM
pH {E %} Hyp-PC/CS-NPs k3%, #HZim. hifafl
CHLNL S, ZE L 4. BESE/KAH pH (E KT
Hyp-PC/CS-NPs 3 R4 25 8 03501 T %, fg
Fe < AR TTVE R IEREAS pH (B TH i 32 4G KB,
250 i NIKAH,  ATTTEZIA T Hyp-PC/CS-NPs %
2. CHIAIREAE pH (AT R AR, 1T RE/2 pH {H
T, o SROMH FEL S H P N FEL A 25 A 718, 3k
T2 Hyp-PC/CS-NPs [ § FLAEH T % BTk

% 4 K4 pH {Ex] Hyp-PC/CS-NPs B31%, HzHE. K
B CBARIENE (Xts,n=3)
Table 4 Effects of pH value of aqueous phase on
encapsulation efficiency, drug loading, particle size and {
potential of Hyp-PC/CS-NPs (X +s,n=3)

KA
oH 1 A%

25 83.09+1.46 872+0.19 162.64+7.55 32.79+1.03
3.0 81.81+1.03 8.61+0.17 168.62+8.34 33.41+1.57
35 70.68+1.27 7.42+0.12 187.24+8.18 25.09+1.08
40 62.47+0.98 6.48+0.14 183.65+7.96 22.13+0.97

HAEI%  Riftihhm  (HEA/MV

(1) pH BRI B s i AR e ARG 0 A2 e 1, WO &1
SE/KAH pH AE N 2.5

2.5 BBD-RSM ft{t Hyp-PC/CS-NPs & 75
25.1 Ak J7E  Hyp-PC/CS-NPs b J7 B[R 2% %%
I RN IR E . BEARTR AR 7 SR T = L
ol Ji Bt JIEL it 5 46 22 Bk 1 Joit & LU X Hyp-PC/CS-NPs
MR, /AR EAEEE XX X, IRE“2.47
R R R FE AR, FALEKFRENR 5.
Hyp-PC/CS-NPs fuf3%, #HZE. K2 illENH
BE Y. Yav Y3, AT Mk EXF Hyp-PC/CS-NPs
AT R, KX 3 AR Oy SR —E
(overall desirability, OD), %] OD ftifF N &Ts
FriiiiE Hyp-PC/CS-NPs 477 . OD {52 A
HE (d) MEHE () HHARN d s =WM—
Mumin)/(Minax— Mmin)» Min Mimax 1 Minin 73 AIACK 120
RGP I e bR e PR B e RE M RME; Rt
(dy) THREARN ds=Mumax— M)/ (Max— Miin); N
OD=(d\dxd3)"?. FHREMAE ., HWA R, K
e 25 50 OD IR 4RI 5.

252 BIAANG KTTZEHT KM Design Expert
V10.0.3 xR 5 &I OD AT AR
&, B E R : OD=0.80—0.09 X;40.13 X,—0.05
X3+0.08 Xi.X2—0.06 X1.X3—0.04 XoX3—0.13 Xi2—
0.23 X22—0.44 X32. T ras R 6, v WA
P<<0.000 1, FFEBEERBIEA BEER L
PR 52 BB R2=0.9957, K H 99.57%HI %4 7l F
BRI AT RS, ) 8 RN Ragi>=0.990 2,
T RAAAE 0.98% AR S 15 0L RAUI P=0.083 8>
0.05, FHHEFETLBF MM, RHPELH OD E
B A w] T Hyp-PC/CS-NPs &b i 7%, W45 &
Bime. BUFHAT X, Xo X5 XiXo XX X2,
X2 M X2 B REENZR (P<0.0D), XX Af
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# 5 BBD-RSM iR+ 5%R (n=3)
Table 5 Experiments design and results of BBD-RSM ( = 3)

R X X2 X3 Y1/% Y2/% Ya/nm OD {H |5 X X2 X3 Y1/% Y2/% Ys/inm OD {8
(mg:mL™") (mg-mL™")
1 0.4(0) 20:1(+1) 6:1(-1)71.5610.07 212.08 0.347| 10 04 10 :110:178.74 6.54 215.39 0.000
2 0.4 15:1(0) 8:1(0) 8367 87116871 0.798| 11  0.3(-1) 20:1 8:176.45 8.42 177.14 0571
3 0.4 15:1 8:1 81.91 8.86 160.83 0.807| 12 04 15:1 8:184.13 8.85 165.62 0.835
4 05(+1) 15:1 10 : 1(+1) 78.19 6.72241.78 0.000| 13 0.3 10:1 8:17544 7.31 184.06 0.444
5 0.5 15:1 6:1 74.27 10.17 237.42 0.253| 14 0.3 15:1 6:17455 8.19 218.21 0.348
6 0.4 15:1 8:1 8453 8.67171.29 0.799| 15 05 10:1 8:173.81 7.48 236.93 0.161
7 0.4 10:1(-1) 6:1 69.84 9.13218.64 0.000| 16 0.3 15:110:177.68 7.08 200.22 0.344
8 0.4 15:1 8:1 82.98 8.66 166.92 0.784| 17 05 20:1 8:176.06 8.62 172.77 0.591
9 0.4 20:1 10:1 79.82 6.89 235.41 0.172
=6 HESH
Table 6 Analysis of variance
WH  CFHM AHE B F g P1H T H SR HEE 5175 F g P1d
iR 1.49 9 0.17 181.44 <<0.0001 | X12 0.07 1 007 75.82 <0.0001
X1 0.07 1 0.07 67.60 <<0.0001 | X2 0.23 1 023 25453 <<0.0001
X2 014 1 0.14 158.96 <<0.000 1 || Xs? 0.82 1 082 894.75 <<0.0001
Xs  0.02 1 0.02 2561  0.0015 | %%  6.38X10°° 7 911X10%
X1X2  0.02 1 0.02 2524 0.0015 | &I 4.98X10°3 3 1.66X10% 473 0.0838
X1Xs  0.02 1 0.02 16.95  0.0045 | Ziifw?% 1.40X10°3 4  351X10™
XoX3  7.59X 1073 1 759x103% 833  0.0235| HEZE 1.49 16

IR FE R E KAARFR N 54 mL), WIS MEAm 5 72 5
FER LA 16.3 0 1, BEAEBEIRI S & 22k = Lk

SEEZER (P<0.05).
2.53  RONMIEARAL S AL T e ARTE ST OD

B, R A Design Expert V10.0.3 X441 OD
BHEAERERNEE, 4R LE 2. & OD 14
RNEEKRAY, X[EIBEE N 0~1, 15 Hyp-PC/CS-NPs
b7 2P EIRE N 0.37 mg/mL CHRE 254) )52

175 - 045 9.0

X 125 0.35 Xi/(mg-mL™)

X 70

J97.9 1, T OD A 0.839.
2.6 Hyp-PC/CS-NPs 4555 E

& “2.5.37 TR E R sEEAL T AT il 4 3 ik
Hyp-PC/CS-NPs, Hll5E o} % HZHEMkZ, &

- 0.45 0 g
0.35 X1/(mgmL™") R

B2 ZEZR¥ OD EMBNEE

Fig. 2 Response surface of every factor on OD value

S OD {f, LATRIN OD {8 (0.839) N3 1+ 51l
OD {E FIAHX 22 LA 22 = (52 bR — FoIAE )/ T3
MME], 45R WK 7. OD EAHMRZAN-1.19%, &
WIS 1) OD HEUC A A A RS 48 3 8 o
IR, HWABRNRARLE DA (84.19+
1.23) %. (8.81£0.16) %F1 (166.18+£4.03) nm,
731§ Hyp-PC/CS-NPs ] PDI A 0.086+0.007,

B (32.3940.95) mV. Hyp-PC/CS-NPs [{JHi1%

oA DL 3-A, €A LA 3-B.

27 EHHBETEME (transmission electron

microscope, TEM) W% Hyp-PC/CS-NPs 7M5i
HY Hyp-PC/CS-NPs Ji£&3# 0.1 mL Jl1 % 5 mL 2

Kk, #8257, BUEEIRBUEMR N - K CEEh

Ve 3 ST, L% MM, BT, BT
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TEM T, BORAEEE 13 000 i2E47 W %2 . Hyp-PC/CS-
NPs SMEILIE 4, TEARNIEERIE -

<7 Hyp-PC/CS-NPs &L SHIFLER (X+s,n=3)
Table 7 Results of Hyp-PC/CS-NPs prescription validation

(Xts,n=3)
aH Y KR AH X
Sk ; " oDfi oD
% E/% nm Z1%
1 8555 8.98 170.84 0.825
2 8386 8.66 163.81 0.829 0.829+0.040 -1.19
3 8316 8.78 163.90 0.833
A
1 10 00 1000 10 000
Fif%/mm
B
-150 -50 | 50 150
¢ HA/mV

&3 Hyp-PC/CS-NPs RIRIfZ 5375 (A) F1CEEL (B)
Fig. 3 Particle size distribution (A) and { potential (B) of
Hyp-PC/CS-NPs

4 Hyp-PC/CS-NPs B TEM
Fig. 4 TEM picture of Hyp-PC/CS-NPs

2.8 Hyp-PC/CS-NPs T 09Hl& KA 57 E N E

2.8.1 Hyp-PC/CS-NPs % T-H; il &  AiiHEER K
B, MHEERESEN 5% ISR T P
—, TIRPAILE, BRIHE B H Fe B i 250 80 5%k
il % Hyp-PC/CS-NPs %11 . it Hyp-PC/CS-NPs &
B 10 mL, 18 000 r/min &.0» 45 min (BF002FE4R
6.8cm), F /KM, M 10 mL ZMH/KEE. A
R ORI H BR B R 20 08 5%, R in ik,
% 3 mLr R MRS, B T-40 CUkFH il
% 3d, LHVE TR TIPS ST R T (LR

10Pa), 3d /5, BI45 Hyp-PC/CS-NPs % T-47 .

Hyp-PC/CS-NPs &k Hyp-PC/CS-NPs T4 &

HE WAL 5.

5 Hyp-PC/CS-NPs E&if& (A). FT# B) REEF
EH¥m (©) K5I
Fig. 5 Appearance of Hyp-PC/CS-NPs suspension (A),
lyophilized powder (B) and redissolved sample (C)
M35 % f5 Hyp-PC/CS-NPs [fidt &, itz

PDI 1 § A3 (81.2241.29) %, (175.74+
7.11) nm. 0.092%0.009 1 (31.17£1.14) mV, #A]
WALE A CBAE P MR, kit A1 PDIAEA i
Ko F34M4E pH {H N 6.82£0.08.

2.8.2 Hyp-PC/CS-NPs - T-#is i BE e Bt
B AT ERIZS . Hyp-PC/CS-NPs 4 T-H A4 R
TREY) (G 22 Mk IR 2 5% kL EL 9] [R) Hyp-PC/CS-
NPs 587, ASAE T SR A, 730 B TR0 B R
B Al R R N 3.2¢/L, pH2.0) |, HAE 10
min, LI & AR R SRR AR A 29 UTE. BT
25 C/K¥H, 600 r/min /3 HEPE 2.d, 12 500 t/min
Bl (B0¥AZ 6.8 cm) 10 min, 43HIMISE FiE
e Bk BRI, BN ILEME . RNVEIE 3
AKE AR E ZR TR MBI (55 R EE N 8.0 g/L
PR E R, pH7.4) PEREML. SiIRIE 8, &4
BREEY B S b VA il 2 2o v T LR 2, AT
RE 55 4075 F 1t R T AE el S5 e 0 18 Y 4 P A R0,
Hyp-PC/CS-NPs R T4 2 Bk AE R B, 7%
R 7N RIS DL A 8 PRV A B G U 245 2 ) 48
#=8 SuMEERERZA. ¥IERAEY. Hyp-PC/CS-NPs &

THEHBEENELER 25 C, Xts,n=3)

Table 8 Solubility determination results of hyperoside
bulk drug, physical mixture and Hyp-PC/CS-NPs freeze-
dried powder 25 C, X*xs,n=3)

TR (ugmL ™)
Hyp-PC/CS-NPs

IR Bk

VIR E )
JEURL 24 o HTR
HANE W 119.75+2.16 136.84+1.90 984.16+5.94

7&K 386.59+3.79 410.771+2.63 1947.89+8.65
WA 451.34+4.18 498.10+3.76 2751.48+19.18
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7.22. 4.04. 5.10 f%.
29 BEEMTHAINNKIE (Fourier transform
infrared spectroscopy, FT-IR) 73#f

H{ Hyp-PC/CS-NPs JB &K 10 mL, FRAINGT
PRI FNSME2.8.1 710 R 712484 , il £ Hyp-PC/CS-
NPs ELFEER T4« BUG 22 Wk Er JEORL 2 | i Tt IE it
FERME . VEIR A (&2 Bt Sk ][] Hyp-
PC/CS-NPs) Al Hyp-PC/CS-NPs BLFEI% T-Hid &,
S G R ELL 10 100 BFEEYS], B S
SERPPUER

FT-IR MR 2% JeliA 100.0, T 5AIFE A
FIRECR 16 IR, HH%EN 4.0, SRILE 6, HE
BELE 1652.60 e ALMR IS J T--NH, U, 7EV3R
EWHiZIEFA LA (1652.58 cm™), {HLE Hyp-PC/
CS-NPs [#] FT-IR EiErH #2342 1649.90 cm !« iR
BEAEBRAE 1 053.55 cm™! AbWR UG B PO {1145 2%
g, MEYEIRA Y g ARE (1 053.52
ecm™'), {H7E Hyp-PC/CS-NPs ] FT-IR i 5)
£ 1056.12cm™!, HENIFE R BE-NH, 7] 585 B A mEAR
Bl POy KA T EAE . TES 2Bk RARLZ )
FT-IR i, 3 256.82 cm™! 4b %54 tH-OH #1445
5, EYEIRAYHIZIEAR KRR (7]
e 55¢ 5 ME-OH 4Rz =2 ), {HAE Hyp-PC/CS-
NPs FT-IR ERE BB I, R &4
¥4 I-OH Al RE 58k kA T A S S A 1EH . FIRT
WAEH T Hyp-PC/CS-NPs & —FiASE T H R &
MM ZR R .
2.10 BB

X BB RETHE (X-ray powder diffraction,

A e V AN, N TV
B
W
D
m
4000 3000 2 000 1 000
viem™

6 SLMEFENT (A). BEBEE B). TRE
(O). ¥IHEAY (D) Hyp-PC/CS-NPs HEATHHEMR
(E) B9 FT-IR
Fig. 6 FT-IR of hyperoside bulk drug (A),
phosphatidylcholine (B), chitosan (C), physical mixture (D),
Hyp-PC/CS-NPs direct freeze-dried powder samples (E)

XRPD) FH#i %At Cu-Ka #, 45# %A 4°/min.
HG 22 e tF JRRL 24 . BEMRIENEmR . ST IR pE. H #ERE.
“2.8.27 TN HIWEEIRE G Hyp-PC/CS-NPs ¥ T
MG, HHAT XRPD 94, 4R WK 7. S22k
JERIZGAE 7.2°0 8.7°. 12.3°, 19.2°H1 25.3° % AT 4
W e o, FEPIFRIR A XRPD R 7 mr WL (i sk
Frm), (HSREEA i NI, RS LPCEED RS
Y B R R AR EAR s (HAE Hyp-PC/CS-NPs ¥ T4
XRPD i, 422 BhiEFRREATI IS 2%, R
G R T R AN L R LS .

F
wins ST
| ‘m‘l AW | |
p L N LU
C o e
Bl S
N | T
0 10 20 30 40 50

26/(°)

E7 SLMEEFERNZ (A). BIEEER (B). TEE
() HEE (D). ¥IREAY (E). Hyp-PC/CS-NPs %F
M (F) B XRPD 455
Fig. 7 XRPD results of hyperoside bulk drug (A),
phosphatidylcholine (B), chitosan (C), mannitol (D),
physical mixture (E), Hyp-PC/CS-NPs freeze-dried powder
samples (F)

2.1 INERIT AR RARBIE

B4 22 Bk R R 25 A0 Hyp-PC/CS-NPs ¥4 T-¥3
T (e BhE B E A 25 mg), Al SmL
BB (5 BEAMRERE RN 32gL, pH2.0)
Hl P RER, HHE TIENE AN TR E
8000~14000) . HX 1000 mL 400 WA NREZ
o, AFRIER (37.0+£0.2) °C, #3475 r/min,
BUREAEE N 05, 1. 1.5, 24 34 4. 6. 8. 12h,
- mUBUFE 5 mL JESZEPAMIN 5 mL [RR 2 EREZG A
Ji, 12500 r/min &0 (B0F4% 6.8 cm) 10 min,
WE 22 Wk B, VHE IR ] R SRR,
xRt 2k o [RIEH SRR (B R
EER TR EIRE N 8.0g/L, pH7.4) TN,
SR 8. &M ERIAERMBRT 4h 5
FBVREICRE H DUZ BT T FRAR L, TAEAL i+ 5
TR TBCR AL R B 450« Hyp-PC/CS-NPs 1422 8k
RSN B VBRSO v 2R R i % 3 45 21 B
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AN BB G A R WLER 9, HE R2 /N HIT,
Hyp-PC/CS-NPs £ 2 MEEZ A it IR 2547 95
Weibull B0 A FF B a6 IR 24 b R o R 24
WIS R L. Foh, &2t R ARG
WHREZT NS Weibull BRGE m, B4
F&H Inln[1/(1—MJM.)]=0.5679 Int—1.635 1, R*=
0.931 6. {H& 22 Bk R TERIL B IR 2947 0 5
—%%. Higuchi. Weibull #ERHA M 5 R EL R2 /)
T 04, WORFHATIE

80 - Hyp-PC/CS-NPs (KUl 5
i ———
o 607 : Hyp-PC/CS-NPs (4570
= e
A /4777,, ]
E 40 1 T A TRRZ B
‘_l’jé

* 204 )
SR (BB 8D

0

0 2 4 6 8 10 12
t/h
8 SLMFEFERIZF Hyp-PC/CS-NPs F T ERRHL
B iR RIMEREIZ (Xts,n=3)
Fig. 8 Release profiles in vitro of hyperoside bulk drug and
Hyp-PC/CS-NPs freeze-dried powder in simulate
(Xts,n=3)
% 9 Hyp-PC/CS-NPs BZHiEAI AR
Table 9 Fitting release model of Hyp-PC/CS-NPs

SR A et R

gastrointestinal fluid

BB —%F% In(1—MyM.)=-0.037 1t+0.2715 0.6192
Higuchi  My/M.=0.197 0 t¥24-0.084 9 0.854 6
Weibull  InIn[1/(1—M¢M.)]=0.700 3 Int—1.300 4 0.903 3
BRI — %825 In(1—MyM.)=-0.0415t+0.237 8 07121
Higuchi  MiM»=0.252 8 t¥2+0.005 1 0.936 0
Weibull  InIn[1/(1—M¢/M«)]=0.826 9 Int—1.377 3 0.965 8

tARFRET ], M, M55 ¢ Flooltt 1) BRBRREICR, MyMA ¢ i
] BRI
t is time, M, and M, are accumulative drug-release at time ¢ and oo,

M,/M,, is accumulative release rate at time ¢.

2.12 Hyp-PC/CS-NPs FT# B BE RN E X
EMER

HX Hyp-PC/CS-NPs 4 TR 2%, i 0.45 pm
FLUEHEL, W2 S8R R &2 IR E (M), S5#
il % Hyp-PC/CS-NPs &+ &2 E (Mo)
FIEE, 15 Hyp-PC/CS-NPs % T8 T FE R .

TP = (Mo— M)/Mo

I Hyp-PC/CS-NPs % ¥y (PEMIR S £ HE
TIRE 40 C. MHXHEE 65%MERAEEMAF, 4>

ATHCE 0. 1. 24 3. 6 NMHIFENEITRFR, &
FE, Kife. PDIAIC AL, Z5HILER 10, Mgz
B 6 N A5, Hyp-PC/CS-NPs % TR &R

INF 1.5%, BEZFKT 80%, FifRi1E 200 nm LA

N, PDI /T 0.100, § ALK T 30 mV, B Hyp-

PC/CS-NPs et R 47

3 10 Hyp-PC/CS-NPs KTFHMEIREMERLER (X5,

n=3)
Table 10 Results of stability study of Hyp-PC/CS-NPs
freeze-dried powder (X = s, n =3)

YA VIRER% BHFE%  Kffhm PDI ¢ Hufir/mv
0 0.8440.07 82.04+1.20 178.4446.92 0.089+0.007 32.03+1.12
1 0.90+0.08 82.714+1.04 174.84+5.63 0.085+0.009 31.6440.89
2 0.93£0.12 81.84+1.33 179.29+7.26 0.09340.005 31.93+1.40
3 1.04£0.13 81.58+0.90 182.60+6.78 0.08440.008 32.13+1.37
6 1.3840.17 81.05+1.17 186.7747.44 0.095+0.010 31.86+1.24

2.13 OBRZAhFEMR

2.13.1 IR AME WA 0.5% HERKE
M- (80 1 20); ABEN 0.2 mL/min; i
¥4 Diamo Leapsil Cis ## (50 mmX2.1 mm, 1.9
um); AEIEA 30 Cs RN S pL. A ESI
[ 5= W A A A el Sa e R i P S 03
150 C, BAEHEN2 500 V, KA ESIN
206.843 kPa (30 psi). 4xZZHEHFIKE FAHESLH
JESr AN 324 39V, RlEHEREE /37N 25, 46 eV,

KIS 553 50 °H miz 462.94—299.91 (422 HkT)
Al m/z 414.91—252.01 CKEF).

2132 SHHCRIMTTE KA 0.5% CMC-Na /K%
53 AIBC ) 4 22 W SRR L “2.8.27 T T (A BV
AR Hyp-PC/CS-NPs [ ig IR, 2R
EIREEIN 2.5 mg/mL. B SD KRR 18 K (SLIG=
WEEER 7d), FEHLARE 3 4, HRFReE s, %
25 mg/kg (&2 BkE & &1 FIEHAT ige 70
F 0. 025, 0.5, 1. 1.5, 2. 3. 4. 6. 8. 12h¥
FrR KR E T A OB AT, R 10s J5
SERURH BB E (HRIRED THRIESFiK A
KA 200 uL, 2500 r/min 250 (B b, 25002
142 6.8cm) 2min, W EZ MK ETHELEF, R
BIEEEN, B EE-20 CUKFTHRE, %,

2.13.3  MZRAESACEE RS BIREOK S I

K S TCHI] 5T e FE A 1.000 pg/mL, 1E A 2
FEM T BRI RSB 50 pL MARAE S (37 °C
KBRERD ZEOEY, TAWFRER 25 uL flz
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1.0 mL, #FH0)E 5 min, BT mEd oLl
8000 r/min &0 (B0¥4% 6.8cm) Smin. Y I
JZENAET 37 CHI NIRRT, hi 50 pL 0.5%
FR/KVE- 2 (70 & 30) IR EVEFIRIe %, Bk
8 000 r/min B5.0» 5 min, BIF5 M RE S IA TR

2134 AMERRFELRE HUEEESD KR 1 R, BT
A CBEE AR, BRI 10 s J5 0 EEU 2 FF &
BRIHEEOES, 2 500 r/min BO (B0ER 6.8
cm) 2min, U EEMFEFHELEF, HIES
3%« SR IR R o7 5 2 43 )4 1400.00
700.00. 350.00. 70.00. 35.00. 11.67 ng/mL [ 442
BeEF M I 5, 2 “2.13.37 TR I iR 4 &
KA BRI 2R R SV, FFE% “2.13.17 TR
R T2 ol 2 A AT R o DA G 22 Bk i K
G NFRERARL (V) XS iR EwRE (X0 i3t
ITEMERDE, 152 [EHT7HE Y=0.065 8 X+0.027 6,
r=0.998 7, 4iRRIELPAFLIETERIAN 11.67~
1 400.00 ng/mL.

2135 LREMEFESE B A MRS “2.13.3”
TR AL 3 RPA5 25 ) IMLRRE SV . B IR
AR Ot e S| IR SO P b S G NSRS H o )
F1 Hyp-PC/CS-NPs ig 5% 0.5 h J& I ML AE T
Iy “2.13.17 TN s R i A R R e, 45
FEILEE 90 A I 4 22 M RO SE IR B
N 5] 5 508 BE v b — 8, oAl 28 o T4,
LB MER

2.13.6 FEEEEL WEEZHE 11.67 ng/mL
(f£)+ 350.00 ng/mL (1) A1 1400.00 ng/mL (&)
(LR BV (P RS AR, [ 1d P53

SO |

Rt
b

ES:it S |
C
0 4 80 4 8

t/min
9 TEHME (a). SLHUFWRAMBRIAR (ERF,
b). MRFFBER (RAF, ¢) B UPLC-MS/MS &iLE
Fig. 9 UPLC-MS/MS chromatograms of blank plasma (a),
hyperoside control plasma solution (contained internal

standard, b) plasma sample (contained internal standard, c)

% “2.13.17 TR B e T A AR e 4 22 Bk i
I 55 K G BRI TR, PR LUAE R RSD 430N
3.16%~ 2.29%-. 2.70%; FERME 1 X, ESK 6
d, 194 22 P (il ig 5 Ok T8 P br g [ AR B 1
RSD 7358 4.96%. 5.17%-+ 2.89%, Z55RFHHN
Jo H )R % B 35 R 4T

2.13.7 FasetE#%2 B Hyp-PC/CS-NPs I HAE
W (5255 0.5h) B TREBFERSE (ER 25 )
L, AT CE 0 3. 64 9. 120 24 h HEREINE,

TR & 2 Bk 1 06 5 0K 51 A A 6 T AR LG 1Y
RSD N 4.26%, W MLIZFE S IERAE 24 h AR E It
R4f.

2.13.8 fEHEIRERFEE B EIRE 50N
11.67. 350.00. 1 400.00 ng/mL 14 22 Bk %T HE 5
WK (HREH), 25li% “2.13.37 TR kb,
P “2.13.17 TR (il K TG 454 I 52 4 44 5 K
GHEIEHEAGEAE @) B S50 pL &5 (A M3, %42.13.3”
TR 7k ab 3, Pe ) 4 22 pk R &9k B 2 0l o
11.67. 350.00. 1 400.00 ng/mL ] I3 X} B8 S ik
(BrREA), ¥ “2.13.17 TRt K2 5 ik 2% 1 5
TR (b)), THE & 22 M FIR B 3R B RNACR,
AR R =a/b. 45 RERIE. . BRE
W G 22 M7 B R 1 5 BRI 2R 4 i
101.77%- 95.86%- 97.44%%1 97.19%, FKIHZ 7%
PR FIUA AL 1 o

2.13.9 JEFARNIELE  BUREIRE 8 11.67,

350.00+ 1400.00 ng/mL 4= 22 Bk H 6 RS R (B K
D, % “2.13.17 TR U R TR S AR e 0 T
(o), THE A 2 AR B IS RN, AR
BN =blce ERBERE. F. mAERESZ
MR B R G B 25 J5T 2508 43 0l M 98.12% 100.56%
97.03%F1 96.94% , 3 BH 4 22 W Jx K 5 L ol 34
YIRUIN, AT E 2R

21310 MRS EERELE WELhERE
WRPE N 35.00 ng/mL I 2K IR LA, 8RBl AH
B HRE, 4% “2.13.17 TUR EL I B0 & A
JE, LMEMEEL (SIND 437108 3 F1 10 B & o il FR AN
ERPR, 45 A 22 M RS I PR AN e IR 4 N
1.17. 3.50 ng/mL.

21311 ZyahiE st i “2.13.17 Tkt
T J V2% A I S % SR LIS ] I S A o v 4 22k
HHEE, S22 REZ . WHEIES YA
Hyp-PC/CS-NPs H)#4-If ik, £ W& 10, RH
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DAS 2.0 AHATHEIEIEG, RAEAEG SRS
VLT E S AR A B S, SR IE
1. S5&2 Pt R 2, DIER S 1
(hp) TEFEMESEE (P>0.05), RN TE] (fna)-
IRWEIRFE (Cinax)~ Z5-IHHZE FIHIAY CAUCo-
AUCo-») A BEEMNZER (P<0.05), AJREZRF N
ke I T UL 5 7 SR A R o) 46 22 Wk T ) 10 TR R A
BA—wrsgmi-2), f£— g R LR 7 R
o 54 2 B IR 25 s BVR S AR L, Hyp-
PC/CS-NPs Zj#)% S8 A AN R EELE (P<
0.01), FH] Hyp-PC/CS-NPs 1A 25512447 N R4
TR, HA o ISR (2.7240.37) h, 1
FEKZE (5.5110.92) hy, Cuax BEMME (1 024.86+
373.85) ng/mL, HEFWEEEZER (P<0.0D).
Hyp-PC/CS-NPs #HX} O IRAEMFIHEIE Nz 4.11
£, UEBREIGIN T 4 pkt H IR

14+
el < SENC Y ]
~ PR A
E 1.0 1 -= Hyp-PC/CS-NPs
)
2
’fg 0.6
S |
=
02 —
0 3 6 9 12

t/h
10 SZ4HEERZ, YRS Hyp-PC/CS-NPs
BUZ5-BTHhZ% (X+s,n=6)
Fig. 10 Profiles of plasma concentration-time of hyperin
bulk drug, physical mixture, Hyp-PC/CS-NPs (X £ s, n =6)
1 EBAHFESY (X£s,n=6)

Table 11 Main pharmacokinetic parameters (X £ s, n =6)

SH B SEMERERY PERE Hyp-PC/CS-NPs
thee 1414029 1.99+0.41" 2.72+0.377%
t,  h 319+0.67 343+0.71 5.51+0.92"#
Crax  ngmL?  380.63187.94 52017+114.66" 1024.86+373.85"#

AUCo-t nghmL™ 1211.62+207.31 168254+286.72" 4982.80+847.19"%
AUCq-» nghmL™ 1274.07+213.24 1726.91£292.68" 5 186.24+897.10"%
5 & RRIZ LR "P<0.05  P<<0.01; SYFTRAYILLE:

#p<0.01.
“P<0.05 "P<0.01 vs hyperoside bulk drug; *#P < 0.01 vs physical

mixture.
3 Wit

HIT 30 ¥ SR FH I A DA ST I 1) % < 22 Bk
FoRBENARLN), (B AEAL T B AR 60%, 1M
sk FH 928 M P JIEL A = SRR 1) % Hyp-PC/CS-

NPs i}, FefFEab77r B2 KT 80%, XAl N
T NN AR S 4 22 B AH A M T =12, AR T Hopl
. AWK AL % T Hyp-PC/CS-NPs,
M SGS R R . B2 WA T 5 B f B AE s
CEEER, RN TR, B Tai S A
(1% 528 T Tt FEL B 5 2 1 . ff 119 57 S0 2 T) m 2B
W51 AR dE G RIS, R R A B K E
FRANKRL T s[RI K 28, 422 bk
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